Introduction {#S1}
============

Alcohol is a sedative/hypnotic with effects similar to those of barbiturates.^[@R1]^ The type of alcoholic beverages consumed depends on the social context and financial capability. Alcoholic beverages may be in form of beer, wine, dry gin. Drinking alcohol is an activity that many people enjoy; taking a few drinks occasionally is generally harmless. Most people do not have problems as a result of drinking alcohol in this manner, although this may predispose to heavy use.

Heavy alcohol consumption has been shown in observational studies to have a strong positive association with elevated blood pressure.^[@R2]--[@R4]^ Further evidence have been shown by clinical trials^[@R5],[@R6]^ that have demonstrated that reduction in alcohol intake among individuals who drink heavily (i.e. three or more drinks per day) can lower blood pressure in normotensive and hypertensive men.

Some studies have recorded a linear dose-response relationship sometimes starting with a consumption threshold of three drinks per day (30 g of ethanol).^[@R7]--[@R13]^ In others, the relationship has been non-linear especially in women, and some authors have speculated that ingestion of small quantities may reduce blood pressure.^[@R14]--[@R22]^ These discrepancies may reflect differences in investigational design, methods and populations.^[@R23]^ Many studies have been done in this area in developed countries like the United States, United Kingdom and Australia. This is however, not a commonly researched area in this part of the world. The aim of this study was to assess the relationship between alcohol consumption and blood pressure of drivers of commercial vehicles.

Materials and Methods {#S2}
=====================

Study design
------------

The study was cross-sectional descriptive.

Study area
----------

Calabar is the capital city of Cross River State. It is located in South-south region of Nigeria. Calabar is located between latitude 4\' 58 North and longitude 8\' 17 East and is within the tropical rain forest. Relative humidity is 84% with mean annual temperature of 79° F and average rainfall of 307.6 cm. Calabar is bounded in the north by Odukpani Local Government Area, in the west by Calabar River, in the south and east by Qua River. Efik is the most widely spoken language, while Christianity is the most predominant religion in the study settings. From the 2007 National Population Commission (NPC) enumeration of motors parks, Calabar has 21 short distance drivers\' motor parks and 11 long distance drivers motor parks.

Study population
----------------

The study population included long distance and short distance drivers in Calabar and their assistants (if any) who travel with them. Long distance drivers as used here were those not being able to make a return journey on the same day, whenever they travelled, because of the distance of their destination.

Sample size was calculated using the Leslie-Kish formula for single proportion and a P value of 67.5% obtained from a similar study in Ile-Ife, Nigeria.^[@R24]^ An allowance of 15% was made for incomplete questionnaire. Sample size required was 337.

Sampling technique
------------------

The sample size was stratified into two, the long distance and the short distance drivers according to the sampling fraction of 1:1.5 obtained from the 2007 NPC enumeration. Eight out of 11 long distance drivers\' parks were selected by simple ballot and 10 of the 21 short distance drivers\' parks were selected to reach adequate sample size. Sixteen clusters (6 long distance and 10 short distance parks) were initially selected, but two additional long distance parks had to be added to make up enough respondents. All drivers met at the time of visits to selected clusters were interviewed.

Data collection
---------------

An interviewer administered, pre-tested, semi-structured questionnaire was used to collect data from respondents. Questionnaire was pre-tested among 20 commercial motorcyclists in Calabar. The questionnaire contained questions on the socio-demographic characteristics of respondents, questions of the WHO Alcohol Use Disorders Identification Test (AUDIT, interview version).^[@R25]^ The AUDIT is a widely used screening instrument to detect hazardous and harmful alcohol consumption. It has a high level of validity and reliability. A score of eight or higher is considered a positive screen.^[@R25],[@R26]^ The ten questions from AUDIT scored frequency (item 1) and quantity (item 2) of alcohol use, frequency of bingeing (heavy episodic consumption) (item 3), and consequences (dependence/incipient dependence \[items 4-6\] and alcohol-related harm \[items 7-10\]) of alcohol consumption. All ten items were given scores ranging from zero to four in the generic tool depending on the response. A composite score was generated from the ten items according to the guideline and a respondent scoring eight or more was identified as hazardous alcohol user. Alcohol users who scored below eight were identified as harmless users.^[@R25]^ Appropriate code was given to each questionnaire to distinguish long distance drivers from short distance drivers. Data collection was done by trained research assistants and supervised by the principal investigator. Data editing was done on the field by the principal investigator.

The sitting blood pressure of respondents was taken twice within an interval of 30 minutes and the average of systolic and diastolic blood pressure calculated and recorded for each participant. We made use of the mercury sphygmomanometer. All blood pressure measurements were done by the principal investigator.

Data was entered, cleaned and analyzed using Statistical Package for Social Sciences (SPSS) version 14.0.

Ethical approval was sought and obtained from the joint Ethics Review Committee of the University of Calabar and University of Calabar Teaching Hospital.

Results
=======

All respondents were males with mean age of 38.5±9.5 years. Overall, 304 (84.4%) of respondents took alcoholic drink. The mean age of onset of alcohol use was 20.9±7.7 years. Two hundred and eighty (90.9%) used beer, 236 (76.6%) used palm wine, while 128 (41.6%) used spirit/gin. Thirty-two (10.5%) of the respondents drank monthly or less, 84 (27.6%) drank two to four times a month, 116 (38.2%) drank two to three times a week, while 60 (19.7%) used alcoholic beverages four times or more a week. Two hundred and eight (70.3%) took one or two drinks (10-20 g alcohol content)^[@R24]^ on a typical day, 60 (20.3%) took three or four drinks, 20 (6.8%) took five or six drinks, 4 (1.4%) took seven, eight or nine drinks while 4 (1.4%) took ten or more drinks on a typical day. Two hundred and twenty-four (73.7%) had never indulged in heavy episodic drinking (i.e. six or more drinks on one occasion),^[@R24]^ 16 (5.3%) indulged less than monthly, 28 (9.2%) indulged monthly, 28 (9.2%) indulged weekly, while 8 (2.6%) indulged daily or almost daily ([Figure 1](#F1){ref-type="fig"}).

Figure 1Diagram illustrating proportion of respondents by category of alcohol use.

Alcohol use and blood pressure
------------------------------

An independent t-test was conducted first to investigate the presence of significant baseline difference in the ages of alcohol users and non-users. This is because age is a confounding factor in the relationship between alcohol use and blood pressure. The mean age of alcohol users was 38.08±9.30 years and for non-users was 40.5±10.7 years. There was no significant difference in the mean ages of alcohol users and non-users (t=−1.750, P=0.81) ([Table1](#T1){ref-type="table"}).

Table 1Categories of respondents by alcohol use.Categories of respondentsFrequencyPercentage (%)Non-users7220.0Harmless users20456.7Hazardous users8423.3Total360100

The mean systolic blood pressure (SBP) of alcohol users was 129.8±15.1 mmHg, while for non-users, it was 119.6±10.8 mmHg. The mean systolic blood pressure of alcohol users was significantly higher than the mean systolic blood pressure of non-users (t= 4.82, P\<0.001).

The mean diastolic blood pressure (DBP) of alcohol users was 84.3±9.7 mmHg while for non-users, mean DBP was 77.1±8.0 mmHg. The mean DBP of alcohol users was significantly higher than the mean DBP of non-users (t= 5.186, P\<0.001).

Respondents\' blood pressure was also analyzed along the three categories of AUDIT classification, i.e. non-users, harmless users and hazardous users ([Table 2](#T2){ref-type="table"}).

Table 2Mean and standard deviation of systolic blood pressure and diastolic blood pressure of non-users, harmless and hazardous users.ClassNMean SBP (mmHg)Standard deviation SBP (mmHg)Mean DBP (mmHg)Standard deviation DBP (mmHg)Non-users72123.010.779.48.5Harmless users204127.915.682.79.9Hazardous users84133.515.287.69.2

F-ratio for ANOVA of SBP was 9.668, P\<0.001. Post-hoc analysis showed that the mean SBP of hazardous users was significantly higher than mean SBP of harmless users (P=0.005), which in turn was significantly higher than mean SBP of non-users (P=0.017). The mean SBP of hazardous users was also significantly higher than the mean SBP of non-users (P\<0.001). This shows a dose-response relationship between alcohol use and blood pressure. A similar result was obtained for the DBP (F-ratio=14.091, P\<0.001). The mean DBP of hazardous users was significantly higher than the mean DBP of harmless users (P=0.013), which in turn was significantly higher than the mean DBP of non-users (P=0.013). The mean DBP of hazardous users was also significantly higher than the mean DBP of non-users (P\<0.001).

Discussion {#S3}
==========

There are very few studies on alcohol consumption and its consequences in this part of the world as it is generally believed that the burden of the disease is basically that of the developed countries, where alcohol is consumed in large quantities. But lifestyles are fast changing as many developing countries are adopting the lifestyles of the western culture; there is also epidemiological transition as developing countries now have to contend with the changing pattern of disease burden. More than before, non-communicable diseases are beginning to contribute significantly to disease burden in this part of the world.

The findings of this study showed that blood pressure of participants was related in a linear dose-response relationship with alcohol consumption. The classification of participants in this study was ordinal showing a gradation from non-users, harmless users to harmful users. Both the systolic and the diastolic blood pressure increased significantly in a dose-response manner across these categories, according to the quantity of alcohol consumed. This result has been widely reported in many studies that have used similar or different designs. Fuchs *et al.* in a longitudinal/cohort study^[@R23]^ conducted among 8334 (of the 15,792 persons enrolled in the Arterosclerosis Risk in the Communities study in USA) aged 45 to 64 years, found that the consumption of low to moderate amounts of alcohol was associated with a higher risk of hypertension in black men in America. Systolic and diastolic blood pressures were higher in black men who consumed low to moderate amounts of alcohol compared with the non-consumers, but not in 3 other race-gender strata (black women, white men and white women). Higher levels of consumption of all types of alcoholic beverages were associated with a higher risk of hypertension for all race-gender strata. The consumption of alcohol in amounts ≥210 grams per week was reported as an independent risk factor for hypertension in free-living North American populations. The result of the study of Fuchs *et al.* may suggest a similar response pattern in all black males, as this compares very well with our study. In a randomized crossover design by Puddey *et al.* in Australia, 44 males experienced a reduction in blood pressure after decreasing alcohol intake. Reduction in alcohol intake was noted to contribute independently to the fall in both the systolic and diastolic blood pressure.^[@R5]^

Using a classification that was similar to AUDIT, Klaisky *et al.* classified respondents into non-drinkers, two or fewer drinks per day, three to five drinks per day or six or more per day. Both women and men who took three or more drinks per day reportedly had higher systolic and diastolic blood pressures.^[@R4]^ A similar result was demonstrated in the study by Fortmann *et al.*^[@R7]^ The Nurses study II conducted in the United States among 70,891 women aged 25 to 42 years also showed that daily alcohol consumption beyond two drinks per day was associated with an increase risk of hypertension. In this study, we did not adjust for other covariates of high blood pressure. This may have over-estimated the relationship, although it is not likely that the impact would have significantly changed the direction of effect, as it has been demonstrated by most previous studies that adjusting for other covariates of blood pressure like age, weight, race, smoking, coffee use, educational attainment and adioposity, did not affect the relationship between alcohol use and blood pressure.^[@R4],[@R7],[@R23]^ It implies that alcohol use independently increased the blood pressure in a dose-response manner.

Several hypotheses have been proposed as underlying mechanisms of action of alcohol through which it increases the blood pressure. These include its effects on the renninangiotensin-aldosterone system, impact on the adrenergic system, heart rate variability, cortisol secretion or insulin sensitivity.^[@R23]^ However, none of these has been able to fully explain the relationship. The findings of our study have implications in practice. The protective effect of moderate alcohol consumption on cardiovascular mortality has been well researched and reported.^[@R4]^ Public health and medical practitioners should carefully weigh this against the potential of alcohol to cause hypertension in giving health education and individual patient counseling. There is also need for further research into this area in this part of the world.
